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tire£. coli genome (3 x 10 6 base pairs) has now become feasible. We can 123 
even begin to think about determining the sequence of extensive Chapter 6 

stretches of the human genome, which contains 3 x 10 9 base pairs. EXPLORING GENES 



DNA PROBES AND GENES CAN BE SYNTHESIZED 
BY AUTOMATED SOLID-PHASE METHODS 

DNA strands, like polypeptides (p. 66), can be synthesized by the se- 
quential addition of activated monomers to a growing chain that is 
linked to an insoluble support. The activated monomers are protonated 
deoxyribonucleoside 3'-pkosphoramidites (Figure 6-10). In step 1, the 
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Figure 6-10 

Solid-phase synthesis of a DNA 
chain by the phosphite triester 
method. The activated monomer 
added to the growing chain 
is a deoxyribonucleoside 
3'-phosphoramidite containing a 
DMT (dimethoxytrityl) blocking 
group on its 5'-oxygen atom. 



Elongated chain 



^-phosphorus atom of this incoming unit becomes joined! 
5 -oxygen of the growing chain to form a phosphite truster ThJ 
of the activated monomer is unreactive because it is blocked 
dimethoxytntyl (DMT) protecting group. Likewise, amino groS 
the purine and pynmidine bases are blocked. Coupling is carnlL 
under anhydrous conditions because water reacts with! 
phoramidites. In step 2, the phosphite triester (in which P i s trivJ 
oxidized by iodine to form a phosphotriester (in which P is pentavl 
in step 3, the DMT protecting group on the 5'-OH of the ere 
chain ,s removed by addition of dichloroacetic acid, which leaves! 
protecting groups intact. The DNA chain is now elongated by onf 
and ready for another cycle of addition. Each monomer addition^ 
chains 0 " minUtCS and elon g ate * more than 98% t 

This solid-phase approach is ideal for the synthesis of DNA as 
for polypeptides, because the desired product stays on the insot 
support until the final release step. All of the reactions occur in a t 
vessel and excess soluble reagents can be added to drive reactio'S 
completion. At the end of each step, soluble reagents and by-proS 
are washed away from the glass beads that bear the growing chl 

After assembly of the desired DNA chain, the methyl groups prSI 
mg the phosphates are removed by addition of thiophenol. The 3 
strand is then released from the glass bead by cleavage of the esterS 
be ween the 3'-OH of the terminal nucleoside and the resin that hI 
to the glass support. This bond is hydrolyzed by the addition of coAl 
trated ammonium hydroxide. Finally, the benzoyl and isobuf 
groups protecting the bases are removed by heating the DNA in an! 

DNA chains are of diverse lengths-the desired chain is the lonl 

toeraSvnr7 . T \ by hi S h -P erf °™iance liquid chrol 
tography or by elec rophoresis on polyacrylamide gels. DNA chain! 

method"" S ^ bC s y nthesized ^ this automa 1 

The ability to rapidly synthesize DNA chains of any selected sequl 

ZZ?n nV ^7 im l n £ ] aVCnUeS - F ° r exam P Ie * an oligonucU 
abeled at one end with » P can be used to search for a complement 
sequence ,n a very long DNA molecule or even in a genome consist 
of many chromosomes. The use of labeled oligonucleotides as Dl 
probes xs powerful and general. For example, a DNA probe that is bl 
paired to a known complementary sequence in a chromosome can sel 
as the starting point of an exploration of adjacent uncharted DNA 1 
example, the probe can be used as * primer to initiate the replicatij 
neighboring DNA by DNA polymerase. One of the most excking ap? 

Sohd -P hase a PP r °ach is the synthesis of new tailor-l 
genes. New proteins with novel properties can now be produced! 
abundance by expressing synthetic genes. Protein engineering has J 

a° wfll rn Y ; ? re ° Ver ' regUlat ° ry Se£ « UenCeS in DN * can be chang? 
at will to control gene expression. - a 

AND E G X^RESS E fD CAN " C ° NSTRUCTED ' CL °«^ 

7n h ^ZT r lofnT^ ° f ? U J Berg> Herbert B °y er ' and Sta "ley Col 
? ?u ° S ' e . d l ° thC devel °P'»ent of recombinant DNA technf 
ogy, which has revolutionized biochemistry. New combinations of unT 



